A simple and mild new procedure for the facile direct oxidative methyl esterification of aldehydes using molecular iodine in combination with (diacetoxyiodo)benzene in methanol is described. Oxidative esterification is induced by iodonium ion generated in situ by the chemical oxidation of molecular iodine with (diacetoxyiodo)benzene.
Introduction
The direct oxidative transformation of aldehydes to esters in an extremely useful and selective functional group interconversion in organic synthesis.
1 A two-step reaction sequence involving the oxidation of hemiacetal, 2 acetal 3 or cyanohydrin 4 can bring about this conversion. Several one-pot conversions using different transition metal oxidants such as pyridinium dichromate, 5 MnO 2 , 6 methyltrioxorhenium, 7 rhodium 8 or expensive silver 9 have been reported. The efficiency of this strategy has been improved by including hydrogen peroxide 10 as the principal oxidant coupled with a catalytic quantity of V 2 O 5 11 and titanosilicate. 12 The other oxidative esterification protocol uses halogen derived oxidants such as N-halosuccinimide, 13 hypochlorites, 14 pyridiniumhydrobromide perbromide 15 and molecular bromine. 16 Despite these intensive efforts for oxidative esterification of aldehydes, the development of a more effective and mild method still remains interesting since many of the known methods require toxic heavy metal oxidants, dry reaction conditions, longer reaction time and poor yields of the products. In the past decade, there has been increasing interest by organic chemists in the oxidizing properties of hypervalent iodine compounds.
17 (Diacetoxyiodo)benzene (DIB), is the most extensively utilised hypervalent iodine (III) reagent, which is easy to handle, non-toxic, commercially available and is similar in reactivity to heavy metal oxidants. 18 The oxidizing capacity of this versatile class of hypervalent iodine reagents is extensively investigated for the oxidation of alcohols but there is hardly any report on the direct oxidative esterfication of aldehydes. Recently, we have revealed that DIB combined with a catalytic quantity of molecular iodine can oxidize alcohols to ketones, acids and esters under mild reaction conditions. 19 In continuation of this work, we wish to report herein the use of DIB combined with molecular iodine in the facile and direct oxidative methyl esterification of aldehydes (Scheme 1).
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Results and Discussion
To study this process, we have examined the model reaction of benzaldehyde (1 mmol) with molecular iodine (0.5 mmol) in methanol (10 ml). When DIB (1.1 mmol) was added to the above stirred reaction mixture at room temperature, the red brown colour of iodine almost disappeared initially and again reappeared as the reaction progressed towards completion. After stirring above reaction mixture for 13 hours at room temperature, the corresponding methyl benzoate was obtained in 71% yield. However, the enhancement in the yield (83%) of methyl benzoate can remarkably be achieved by adding 1.7 equivalents of DIB with respect to the substrate aldehydes. In the above reaction, DIB does not bring about esterification without the molecular iodine and the molecular iodine alone fails to bring about esterification. The optimum yield of the product is obtained when a molar ratio of DIB to molecular iodine of 1.7 : 0.5 is used. Having succeeded with methylbenzoate formation, attempts were made at forming the ethyl or isopropyl esters of benzaldehyde by using ethanol or isopropanol as solvents. In this case, ethyl benzoate and isopropylbenzoate were formed in poor yields of 48% and 32% yields respectively. However, the formation of t-butyl ester of benzaldehyde was not observed under similar experimental conditions using t-BuOH as reaction solvent.
It is important to note that iodination product of any aromatic aldehydes was not observed under the above reaction conditions as well as in acetonitrile as reaction solvent. When aromatic aldehydes were treated with DIB/I 2 in acetonitrile medium at room temperature stirring for 24 hours, the starting aldehydes were found to be recovered in quantitative amount.
The potential scope of this oxidative esterification was then extended to a range of various aromatic and aliphatic aldehydes (Table 1) . Thus the methoxy substituted aromatic aldehydes (entries b-d) underwent a clean oxidative esterification to form corresponding methyl esters. This is in contrast to the formation of Dakin reaction product using the oxone 20 or titanosilicates / Similarly, other aromatic aldehydes (entries e-i) with electron releasing and withdrawing substituents underwent oxidative methyl esterification in excellent yields. The reaction of cinnamaldehyde (entry j) with DIB / I 2 in methanol produces exclusively methyl cinnamate in 83% yield, without any observable reaction at the double bond functionality. Finally, the aliphatic aldehydes (entries k-l) also gave the corresponding methyl esters in good yields.
The reasonable mechanism for oxidative methyl esterification of aldehydes using DIB / I 2 in methanol is shown in Scheme 2. There is evidence in literature that iodonium ion generated by electrochemical oxidation of iodide anion can induce oxidative esterification of aldehydes. 22 Recently, it has also been proposed that (diacetoxyiodo)benzene oxidizes molecular iodine to iodonium ion via acetylhypoiodite as putative intermediate, which is subsequently exploited in the iodohydroxylation of olefins 23 as well as nuclear iodination of electron rich arenes. 24 As a logical consequence of these two facts, we believe that the oxidative esterification of aldehydes is induced by iodonium ion generated by the chemical oxidation of molecular iodine with (diacetoxyiodo)benzene. Thus, the initially formed methyl hemiacetal 4 is oxidized by acetylhypoiodite 2 to the corresponding hemiacetal hypoiodite 6. Another equivalent of acetyl hypoiodite will promote the concomitant oxidation of hemiacetal hypoiodite to methyl esters 7. 
Scheme 2
In conclusion, a transition metal-free protocol for oxidative esterification of aldehydes has been developed using (diacetoxyiodo)benzene in combination with molecular iodine. Although the literature enumerates a number of procedures for conversion of aldehydes to esters, the environmentally benign nature of DIB and I 2 , mild reaction conditions, high yields of the products and experimental simplicity makes it a practical alternative.
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Experimental Section
To a magnetically stirred solution of aldehyde (1 mmol), iodine (0.5 mmol) in MeOH (15 ml) was added (diacetoxyiodo)benzene (1.7 mmol). The resulting red brown solution was stirred in an open vessel for the time as mentioned in Table 1 . Progress of the reaction was monitored by TLC. The red brown colour of iodine almost disappeared within half an hour and again reappeared as the reaction progressed towards completion. After completion of reaction, the mixture was washed with Na 2 S 2 O 3 and extracted with CH 2 Cl 2 (2 x 10 ml). The organic extract was dried over anhydrous Na 2 SO 4 . Removal of the solvent and subsequent silica gel chromatography (petroleum ether and EtOAc) afforded the corresponding methyl esters in the pure from.
